Background: Medical errors are common in hospitals, and research is always needed to find ways of reducing these. This study attempts to address three gaps in this field. First, the factors leading to the reduction of mental workload and its relationship with the reduction of prescribing errors by improving electronic prescribing (e-prescribing) usability have not been empirically examined before. Second, the past research in the field of e-prescribing usability lacks robust theoretical models. Third, there are no existing studies to examine the direct influences of user interface consistency and error prevention with the reduction of mental workload and prescribing errors. Materials and Methods: A quantitative survey method was used to collect data from 188 community physicians. The partial least squares path modeling technique was applied to analyze the data. Results: Prescribing errors were reduced by improving the information quality, user interface consistency, system ease of use, and mental workload reduction. Mental workload is reduced by ease of use, error prevention, and consistency. No significant relationships between prescribing error reduction with error prevention and also between information quality with mental workload reduction were found. Conclusions: The designers of e-prescribing should improve the error prevention and consistency of the system and make it easy to use if they wish for the system to reduce users' mental workload. They should also improve the system information quality, ease of use, and consistency if they claim that their system reduces physicians' prescribing errors. The system should also reduce users' mental workload to meet this objective.
Introduction
P ast studies have shown that medical errors are quite common in health centers, 1 leading to much mortality [2] [3] [4] and imposing huge costs on the health sector. 5, 6 To reduce medical errors, health centers have switched to using e-health systems (EHS) as one of the solutions that can reduce such errors. [7] [8] [9] However, some scholars have found that EHS might even increase medical errors, poor care consequences, and mortality. 10 Thus, deploying EHS is not merely a source of improvement in reducing medical errors as there are some contradictions in the findings of the past research with regard to the impacts of such systems on the reduction of medical errors. [8] [9] [10] [11] Some researchers have highlighted the unexpectedly high likelihood of patients' safety threats that may arise from EHS, including electronic prescribing (e-prescribing) technology. 12, 13 For instance, it has been reported that e-prescribing systems can increase medication error likelihoods. 14 Similarly, it was found that using e-prescribing systems has brought about a 44% increase in medical error rates compared with usiing handwritten prescriptions. 15 Other research reported that mortality rates rose in the intensive care unit after the implementation and use of an e-prescribing system. 11 Bosman 1 also reported an increase in the number of medication errors and mortalities after using e-prescribing systems in health centers. Hence, there may be some factors in EHS that can help users reduce medical errors. Therefore, it seems necessary to study the factors that result in sustainability of EHS reduction of medical errors through EHS, 12, 16 including e-prescribing systems.
Two factors proposed to reduce medical errors are system usability and users' mental workload. However, there are some gaps in this regard. First, although it has been stated that there is a relationship between workload and medical errors, 17 no empirical evidence has been reported in this regard. Moreover, past studies on health professionals' workload have focused on measuring their mental workload working under certain circumstances, [14] [15] [16] [17] [18] [19] [20] studied the consequences of workload, 21 or studied the impacts of EHS functionalities on users' workload. 1 However, we found no studies testing the impact of EHS usability on community physicians' workload, which 25 used the users' think-aloud method while working with the CPOE system. In other research, Chan et al. 26 asked staff physicians, residents, and medical students to complete four simulated orders with three different order formats in CPOE, whereas Cho et al. 27 reviewed error charts derived from CPOE use in two different hospitals over a 4-month period. Despite the wide attention of researchers to use qualitative methods in their research, the use of robust quantitative methods has been neglected or ignored in this field. As Oztekin et al. 28 observed, past studies have either used qualitative research approaches or have not used a valid/reliable quantitative scale to evaluate usability. Although the qualitative research approach is a scientific process, it suffers from the subjectivity of the analysis and the lack of generalizability of findings. 29 On the other hand, quantitative research can help overcome these limitations. 29 However, most of the few available empirical studies suffer from inaccuracy as recently Weir et al. 30 20, 24, 31 Another limitation is that the past research in this field has hardly developed and tested a theoretical usability model. 13, 32 Therefore, the use of models to empirically examine the influence of e-prescribing on users' outcomes is desirable. Indeed, we neither aim to claim that this research provides superior data compared with all the past qualitative or quantitative research, nor do we intend to differentiate between this research and the past research on issues such as the types and varieties of systems studied or variations in the features of them. We, however, believe that our research, methodologically, is an attempt to overcome the mentioned shortcomings and a step forward in this field. This study used a quantitative research method to investigate the impact of e-prescribing systems' usability on the reduction of doctors' prescribing errors and mental workload. With regards to modeling the usability antecedents of prescribing errors in e-prescribing systems, only one research study, carried out by Peikari et al., 12 was found. However, that research has a limited approach compared with this research. First, their model lacks the potential role of mental workload in reducing prescribing errors. Furthermore, they have neglected measuring the direct influence of system consistency and error prevention features on reducing prescribing errors, which calls for new research. Another difference is that the current research collected data from community physicians, which is different with the scope of the research by Peikari et al. 12 Community health professionals face more challenge in using EHS compared with those professionals working in hospitals, 13 and therefore more research is needed to study the impacts of such systems on community health professionals. Moreover, because medical errors are known as an index for patient safety and care quality, 33, 34 recognizing the effects of e-prescribing usability on medical errors can improve our knowledge about the relationship between e-prescribing systems usability with patient safety and care quality. Doctors are the second victims of medical errors because of the sentimental, legal, and professional issues faced. 35 The results of the present study show the extent to which doctors believe that e-prescribing systems have assisted them to reduce their mental workload and also provide patients with error-free health services.
THEORETICAL FOUNDATION
According to the input-process-output model of Cooper, 36 the input quality and the process quality determine the quality of output. The input quality deals with the system's design characteristics, including error prevention, consistency, and ease of use, whereas the process quality refers to the quality of the information. 12 Another model suggests that the performance of users is highly influenced by system attributes. 37 Likewise, some scholars have found that the system features can predict users' medical performance with the system. 12, 13, [38] [39] [40] Some recent studies have shown that users' performance with a system is also influenced by the quality of information. 10, 12, 41, 42 Furthermore, according to the standards of human-computer interaction, in any information system, users' outcomes and
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As stated earlier, most of the past research on the relationships between system usability and users' outcomes lack theoretical models. 13, 32 We used the model of Peikari et al. 12, 13 of system usability (including ease of use, consistency, error prevention, and information quality) for our research. Following the above discussions, it is hypothesized that:
H1. The ease of use of e-prescribing systems reduces doctors' prescribing errors. H2. The quality of the information generated by e-prescribing systems predicts a reduction of doctors' prescribing errors. H3. The error prevention of e-prescribing systems predicts prescribing error reduction. H4. E-prescribing systems' user interface consistency results in prescribing error reduction. H5. The ease of use of e-prescribing systems reduces doctors' mental workload. H6. The quality of information produced by e-prescribing systems reduces doctors' mental workload. H7. The error prevention of e-prescribing systems leads to doctors' mental workload reduction. H8. The consistency of e-prescribing systems' user interface leads to the reduction of users' mental workload.
Multiple psychological and physiological factors, including increased mental and physical workload, make errors more likely to happen in clinics. 19 Work overload is the key factor to individuals' fatigue and reduction of the service quality provided by those individuals. 19 Hence, it is hypothesized that:
H9. Reduction of mental workload positively predicts the reduction of prescribing errors.
The model of this research is illustrated in F1 Figure 1 .
Materials and Methods

RESEARCH METHOD
This study used a quantitative survey method, and crosssectional data were collected. As mentioned earlier, some scholars have highlighted the lack of robust quantitative research in this field. Using a survey is an efficient and effective method to collect users' perceptions and attitudes about the outcomes and impacts of EHS. 43, 44 Many researchers have recommended using surveys to evaluate EHS usability in the postimplementation phase of the system life cycle. 24, 45 SELF-REPORT SCALE One of the methods widely recognized and used by researchers to assess the characteristics of information systems and their impacts and outcomes is users' self-report scales. 37 Evaluating a system by using self-report scales can provide a reliable indicator of impacts and outcomes of an information system. [46] [47] [48] This is especially true in the case of medical errors, whereby many health centers lack an efficient system to report them, and secondary data in this regard are unavailable, inaccurate, or biased. 12 Using self-measured rating for mental workload by asking individuals about their perceptions of their workload, 49-51 reduction of medical errors, 12, 13 or the characteristics of an information system 10,28,33,52-61 has been well recognized in the academic world. Therefore, using self-report measurement in this research can provide reliable and valid data.
TARGET POPULATION
Only one group of stakeholders should be considered as the respondents to evaluate the requirements and impacts of EHS because different groups of users have different objectives and expectations. 8, 62 Therefore, the target population for this research was community physicians who had worked with e-prescribing systems for a minimum of 3 months. The diversity of community physicians can make the results more generalizable compared with research that has collected data from only one hospital.
QUESTIONNAIRE DEVELOPMENT
All questions, except the demographic section, were designed based on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree). As illustrated in T1 Table 1 , the questionnaire was developed based on previous published studies. After the development of the scale, it was evaluated and improved by four university lecturers who were specialists in health informatics and 
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TMJ-2014-0246-ver9-Shah_1P.3d 07/24/15 11:25am Page 3 three physicians. Following this, the scale went through three stages of pilot testing. Each stage included five respondents, who answered the questions independently, and the questions that required revision were modified. For the main round of data collection, a purposive sampling approach was used. We followed the method of Krejcie and Morgan, 63 and because the identified population of community doctors was 778, a total number of 256 questionnaires was distributed among them. In a 3-month period, the sampled respondents were contacted three times to prompt a response to the questionnaire, and after 3 months, 188 usable questionnaires were received.
Results
The details of our samples' profiles have been illustrated in T2 Table 2 . As shown, a majority of respondents (36.2%) had more than 9 years of experience in using computers, 44.1% of respondents had more than 1 year of experience of using e-prescribing systems, and 49.5% of them were medical doctors for more than 5 years. We tested the scale for multivariate normality, and as is illustrated in Table 1 , the assumption of normality is violated for the variable ''error reduction'' because its kurtosis exceeded 2.58. 65 If the normality is violated, the partial least squares (PLS) approach, as the second generation of the quantitative analyses, should be used to analyze the data. 66 SmartPLS version 2.0.M3 (SmartPLS GmbH, Boenningstedt, Germany) was used for the data analysis. PLS is not sample size intensive, 66 and the number of respondents in this research meets the minimum required sample size for PLS. The scale reliability was tested by Cronbach's alpha and composite reliability, and as shown in Table 1 , all the values for the variables exceeded 0.7, indicating a perfect scale reliability. Scale validity was investigated by confirmatory factor analysis. As shown in ST1
Supplementary Figure 2 , the outcomes of the bootstrapping test showed that the relationships between the interface consistency of e-prescribing systems with the reduction of prescribing errors and mental workload were positive and significant ( p < 0.01). Ease of use of e-prescribing systems was significantly predictive of the reduction of users' mental workload ( p < 0.01) and prescribing errors ( p < 0.05). The results showed that although information quality significantly predicted physicians' reduction of prescribing errors ( p < 0.01), it did not have any significant influence on the reduction of their mental workload. There was also a significant relationship between system error prevention with reduction of mental workload ( p < 0.01), whereas no significant relationship was found between error prevention and prescribing error. The results illustrated a significant relationship between the reduction of mental workload and prescribing errors among the physicians ( p < 0.01). Thus, as summarized in T3  Table 3 , all the hypotheses except H3 and H6 were empirically supported.
Discussion
Although EHS, including e-prescribing systems, are expected to have positive impacts on the quality of care, including the reduction of errors, the results of the past research have shown that such systems are not always a source of improvement in the quality of care and reduction of errors. Two factors were suggested as the key players in this context: system usability and users' workload. However, some gaps were identified in this regard. The first gap was in relation to the empirical relationship between users' workload and medical errors: none of the past research has examined the relationship that may exist between these two variables. The second gap deals with the research methods and data analysis techniques used in the past research. Despite the advantages of the past research in developing this field, most of them have either used qualitative methods-which suffer from the researchers' subjectivity and also limits the generalization of the findings 29 -or have applied quantitative techniques without observing the necessities and high standards of quantitative methods and data analyses, such as collecting data from sufficient sample size, testing the reliability or validity of the scale, etc. Consequently, the findings of much of the past quantitative research do not provide precise quantitative information and results. 30 Moreover, the past research has hardly developed and validated a theoretical model for usability. 13, 32 The above shortcomings motivated us to use a quantitative research method and investigate the impacts of e-prescribing systems' usability on the reduction of community physicians' mental workload and prescribing errors. To do this, nine hypotheses were proposed, a self-report survey instrument was adopted and adapted from the past published sources, and the questionnaires were distributed among 256 community physicians who had working experience of at least 3 months with e-prescribing systems. Because the normality of the data was not met for the variable ''error reduction,'' the PLS technique, which is robust against the data normality violations, 66 was applied to test the hypotheses. The results illustrated that apart from the impact of information quality on the reduction of mental workload and the impact of error prevention features of e-prescribing system on the reduction of prescribing errors, all the other hypotheses were empirically supported. The following paragraphs deal with the discussion of our findings. Some scholars have proposed interface consistency in terms of menus, words, and buttons as one of the most significant features in the design of EHS. 9, 42, 68 User interface consistency enables physicians to better concentrate on various aspects of their work. They can focus more on the precision of diagnoses and accurate prescribing rather than concentrating on remembering and identifying numerous icons and terminologies while working with the system. Consequently, this can decrease their mental workload and result in fewer errors. The results suggest that the user interface in e-prescribing systems should be designed in a way that shows consistency in the terminologies, menus, and words used across various screens of the system. Furthermore, the system terminologies need to be similar to those used in the real world. On the other hand, if the consistency standards are not observed in the design and development of EHS, there is the possibility of increasing users' mental workload and prescribing errors. Another variable examined was the information quality generated by e-prescribing systems. A user's understanding about the output value of an information system is regarded as information quality. 69 Decision making in medical centers is information intensive, 70 and quality information is a critical factor in clinics. The results of this research reveal that obtaining quality information is a significant predictor for the reduction of prescribing errors. The outcomes also propose that information details generated by e-prescribing systems should provide the information required by the doctors. Information needs to be precise, appropriate, and accessible to reduce physicians' prescribing errors. An e-prescribing system can reduce errors by providing useful information on different aspects of a patient's medication process such as ordered medicine details, laboratory tests, etc.
Information quality enables doctors to effectively get the required information about the patient's health and medical histories and to diagnose patients' problems accordingly. This can make e-prescribing systems a valuable source of assistance for physicians in analyzing critical events, incidents, and special cases in a patient's health and medication process. Information quality also enables doctors to prescribe the most appropriate medicine for their patients. Therefore, provision of quality information can assist doctors in preventing medical errors. On the other hand, if e-prescribing systems do not produce good quality information for doctors, this can jeopardize patient safety. This is consistent with Holden, 42 who observed that two-fifths of doctors who used e-prescribing systems stated that the system jeopardizes patients' safety because of doctors' dependence on inaccurate information of the system. The results, however, found no significant empirical relationship between information quality and reduction of mental workload. A possible explanation for this finding may be that despite the implementation of an e-prescribing system with good usability, physicians still do not fully trust the information generated by the system, and they double check the data using their own knowledge and experience. It is because doctors are aware of the consequences of wrong diagnoses and prescribing based on the wrong information. Hence, they do not only rely on the information provided by the system and analyze the situation themselves. Therefore, quality information does not reduce their mental workload.
This study has also examined the impact of ease of use, which refers to the complexity of the system in a reverse manner. 71 We observed that system ease of use is the most important factor in the reduction of mental workload. Our findings show that, generally, any e-prescribing features that improve the ease of use of the system can result in the reduction of a user's mental workload. We also found that the ease of use of e-prescribing systems leads to the reduction of prescribing errors. This finding is consistent with the past research. 12, 39, 40 The results imply that e-prescribing systems should be designed in a way that makes the user interface more friendly to reduce physicians' mental workload and prescribing errors. For example, a system should enable doctors to easily select and prescribe the medicine from a list of medicines or enable them to prescribe the medicine in the system in a few simple steps. As a result, these steps will decrease the mental workload of the doctors who use the system. Moreover, using an easy-to-use system can help doctors concentrate on different aspects of the delivery of care services rather than concentrating and struggling with the system menus and features, which can help them in reducing prescribing errors. Error prevention was another variable that was examined in this study with regard to its influences on the reduction of mental workload and prescribing. Error prevention refers to the feature of an information system that enables the users to simply prevent or recover from the system errors. 72 The results
showed that the error prevention features of e-prescribing systems have a significant influence on the reduction of mental workload, although the analysis found no significant relationships between error prevention and the reduction of prescribing errors. One possible explanation is that error prevention features of e-prescribing systems have no direct impacts on doctors' quality and accuracy of diagnoses or prescribing processes. Although such features help users prevent or recover from system bugs and errors, they are not associated with improving the quality of diagnoses or prescribing activities of the doctors, and consequently they do not have any impact on the reduction of prescribing errors. However, because such features help doctors prevent or recover from system errors, they reduce doctors' mental workload. Another finding of this research was regarding the impact of mental workload reduction with the reduction of prescribing errors. Although it is believed that increased mental and physical workloads make errors more likely to happen in clinics, 19 there were no empirical data in this regard. Our analyses, however, were a step forward in this field. This finding illustrates that when physicians' mental workload is reduced-while working with an e-prescribing system-they can better focus on the care delivery process, including diagnosis and prescribing, and hence there is less likelihood of prescribing errors occurring. The results imply that if the developers of an e-prescribing system intend to develop their system in a way that reduces physicians' prescribing errors, they need to initially design it in a way that it reduces users' mental workload. The results of the present study show different novelties. As discussed earlier, the previous usability studies in this field have rarely used theoretical models to study the impacts of system usability. 13, 32 In order to address this gap, we used and validated the usability model of Peikari et al. 12 to examine the direct influence of usability on the reduction of physicians' mental workload and prescribing errors. Also, there were no quantitative models illustrating the relationships between e-prescribing system usability with the reduction of mental workload, and this is a significant novelty of this study. We collected data from a methodologically adequate sample size and used appropriate, advanced analyses techniques. Thus, results are much more precise and generalizable compared with those of the previous studies. Furthermore, this is the first study to use PLS to empirically examine the relationships between e-prescribing systems usability and the reduction of mental workload. Also, the mental workload reduction scale, validated in this study, can be used by scholars in their future research. There are, however, some limitations in the present research that should be considered for future research. First, prescribing errors and mental workload are not reduced only through e-prescribing usability, but some other managerial and organizational factors and solutions, which were not included in this study, can also play important roles in this regard. Moreover, the reduction of prescribing errors and mental workload by the system usability can be predicted by many other usability factors that were not used in our research model. This model can be extended in future research.
We also suggest researchers consider users' characteristics such as their experience with the system, optimism toward the technology, and computer knowledge as the moderators between system usability and users' outcomes such as reduction of errors and mental workload. We also suggest that future attempts use comparative approaches and collect data on system complexity from the respondents who have tried to do complex tasks with the system. Another limitation of this research is that the data for this research were collected from community physicians who had worked with e-prescribing systems for a minimum of 3 months. The respondents were categorized into three subgroups in that regard: those with 3-6 months, 6-12 months, and over 1 year of experience of working with the system. It would be interesting to also to have a subgroup for those with over 2 or even 3 years of experience in future research and know whether the mental workload and prescribing errors with the system correlate with the users' experience with the system. Another suggestion for future research is that researchers study if the health professionals' reliance on the system correlates with their experience with the system.
It is also suggested that future research differentiates between system impacts on the errors that occur during the diagnoses process, as well as those that occur in the prescribing stage. Also, future research should consider more outcome variables such as communication, decision making quality, or employee empowerment and examine the relationships between the system usability and these outcomes with the reduction of errors. It is also suggested that factors that have an impact on a physician's trust in the system and its information should be studied.
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